Gut microbiota metabolite trimethylamine N-oxide impairs β-cell function and glucose tolerance 
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Introduction. Type 2 diabetes (T2D) is a global health problem. Decreased β-cell function, manifested as decreased glucose-stimulated insulin secretion (GSIS), and β-cell mass is the predominant factors for progression to T2D. 
Aims. Diabetes is associated with higher trimethylamine N-oxide (TMAO) plasma levels in mice and humans. This study is to investigate whether TMAO at a pathological dose directly impairs β-cell function in vivo.

Methods. For gain-of-function studies, we used choline diet feeding to increase TMAO levels in C57BL/6J mice. For loss-of-function studies, genetic knockdown of Fmo3, the TMAO producing enzyme, was performed in C57BL/6J choline diet-fed mice and antisense oligomers of Fmo3 was injected in diabetic db/db mice.
Results. TMAO at a similar concentration to that found in diabetes could directly decrease GSIS in MIN6 cells and primary islets from mice or humans. Elevation of TMAO levels impairs GSIS, β-cell proportion, and glucose tolerance in male C57BL/6J mice. TMAO inhibited calcium transients through NLRP3 inflammasome-related cytokines and induced Serca2 loss, and a Serca2 agonist reversed the effect of TMAO on β-cell function in vitro and in vivo.. Additionally, long-term TMAO exposure promotes β-cell ER stress, dedifferentiation, and apoptosis and inhibits β-cell transcriptional identity. Inhibition of TMAO production improves β-cell GSIS, β-cell proportion, and glucose tolerance in both male db/db and choline diet-fed mice.
Discussion. These observations identify a role for TMAO in β-cell dysfunction and maintenance, and inhibition of TMAO could be an approach for the treatment of T2D.
